Time course and mechanism of endothelial dysfunction in isolated ischemic- and hypoxic-perfused rat hearts.
Isolated perfused rat hearts were subjected to global ischemia for 30 min followed by reperfusion for 2.5, 5, 10, or 20 min and then were tested for responsiveness to the endothelium-dependent vasodilator acetylcholine (ACh) and the endothelium-independent vasodilator nitroglycerin (NTG). ACh relaxation was impaired 2.5 min after reperfusion (32 +/- 3% of initial control, P less than 0.01) and remained comparably depressed at every time thereafter. No significant decrease in vasodilator response to NTG occurred at any time. Endothelial dysfunction was prevented by recombinant human superoxide dismutase (hSOD, 5 mg/heart) but not by the hydroxyl radical scavenger N-(2-mercaptopropionyl)-glycine (8 mg/heart). Comparable effects and a similar time course were observed in hypoxic hearts reoxygenated for periods up to 20 min. Chemiluminescence of perfusion effluent employed as an index of free radical production was measured at all postreperfusion times in ischemic hearts. Ischemia alone produced small increases in chemiluminescence. Reperfusion, however, produced significantly higher increases in chemiluminescence, with a large burst of activity at 0.25 min, which was blocked by hSOD. These findings suggest that endothelial dysfunction resulting in decreased release of endothelium-derived relaxing factor occurs very early after reperfusion or reoxygenation and may be due to the action of superoxide free radicals.